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(54) Frequency synthesisers 

(57) In a phase lock loop type fre- 
quency synthesiser including a 
dual, modulus, switched frequency 
divider positioned between the vari- 
able oscillator and the phase com- 
parator, to allow a relatively high 
reference frequency to be used, 
whilst permitting fine frequency 
resolution to be achieved for the 
output frequency. A compensation 



signal is generated in step with the 
integral change of divisor value, 
and the effect of the compensation 
signal on the feedback loop signal 
subject to phase jitter arising the 
divider switching process is moni- 
tored. The magnitude of the com- 
pensation signal is adaptively ad- 
justed to reduce phase jitter to a 
minimum. The gain of a digital-to- 
analogue converter, which receives 
as an input a digital value which is 
directly related to the variation in 
the integral division ratio or the 
gain of the phase comparator or of 
an attenuator between the converter 
and the phase comparator may be 
adjusted. The converter 9 output 
may alternatively control a loop 
phase shifter 24. 
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SPECIFICATION 

Frequency Synthesisers 

5 This invention relates to frequency synthesis- 
ers. A frequency synthesiser is capable of 
generating an output frequency with 'an accu- 
racy which is determined by that of a stable 
frequency reference source. Often a variable 

1 0 frequency oscillator is coupled to the refe- 
rence source by means of a phase lock loop in 
which the output frequency f Q is related to the 
reference frequency f r by the relationship f 0 = 
N.f r/ where N is a divisor by which the output 

1 5 frequency is divided before it is compared 
with the reference value. Conveniently, the 
factor N is produced at a frequency divider 
and it is clear that if N is an integer, the 
smallest increment in output frequency value 

20 is necessarily equal to the magnitude of the 
reference frequency f r itself. This means that 
for frequency synthesisers requiring fine reso- 
lution between its different possible output 
frequencies, a very low value reference fre- 

25 quency is needed, but this in turn requires a 
long setting time constant for the phase lock 
loop. 

It has been proposed to overcome this 
difficulty by using various expedients, particu- 

30 larly involving the use of a number of indivi- 
dual phase locked loops which are inter-re- 
lated with each other, but these cause spec- 
trally impure output signals which are unsatis- 
factory for many applications. Additionally, 

35 the expense and complexity of multi-loop fre- 
quency synthesisers is a severe disadvantage. 

An alternative solution is to adopt non- 
integral values of N in the relationship given 
above so that a relatively high value reference 

40 frequency can be used to generate output 
frequencies of fine resolution, whilst needing 
only a single phase lock loop to achieve them. 
Such a technique is often called fractional-N 
synthesis or sometimes called side step pro- 

45 gramming. In practice, frequency dividers di- 
vide only by integral values, and fractional 
division is simulated by altering the integral 
value itself during the course of a division 
cycle. Thus the non integer division ratios are 

50 simulated by dividing by, say, N + 1 instead 
of N on a proportion x of the cycles giving an 
average division ratio which approximates 
closely to N, x where N is the integer portion 
and x is the fractional portion of the average 

55 value: e.g. if the average division ratio is, say 
123.45 then N is 123 and x is 0.45. The 
main disadvantage of this scheme is the 
phase jitter which is generated on the divider 
output by changing between two or more 

60 different division ratios. 

A frequency synthesiser which uses the last 
mentioned technique and which additionally 
reduces the phase jitter to a significant extent 
is described in out earlier U.K. patent 

65 1,560,233. Even so, the phase jitter may not 



be completely removed and the present inven- 
tion seeks to provide a frequency synthesiser 
in which this disadvantage is reduced. 
According to this invention, a frequency 
70 synthesiser includes a controllable oscillator, a 
frequency divider and a phase comparator in a 
feedback loop arranged to control the oscilla- 
tor by means of a control signal to a fre- 
quency which is related to a reference fre- 
75 quency by the divisor, said divisor includes, or 
consists of, a controllable integral factor which 
is changed periodically by an integer when 
the accumulated sum of a periodically occur- 
ring first quantity amounts to, or exceeds, a 
80 predetermined second quantity, so as to pro- 
duce, in effect, a non intergral relation be- 
tween the oscillator frequency and the refe- 
rence frequency; means for deriving from said 
sum as it is accumulated a jitter compensation 
85 signal which is used to suppress phase jitter 
in the oscillator control signal that would 
otherwise result from periodic changes of said 
integral factor; and monitoring means for 
monitoring the extent of said suppression and 
90 for modifying the magnitude of the jitter com- 
pensation signal in response thereto so as to 
minimise the phase jitter. 

The invention is further described by way of 
example with reference to the accompanying 
95 drawings, in which 

Figure 7 is a block diagram of the synthe- 
siser in accordance with this invention. 
Figure 2 is an explanatory diagram, and 
Figure 3 shows an alternative form of part 
100 of Fig. 1. 

Referring to Fig. 1, the frequency synthe- 
siser includes a voltage controlled oscillator 1 , 
a frequency divider 3 and a phase comparator 
4 the outpt of which is applied to control the 
105 VC01 by way of a low pass loop filter 5. A 
sinusoidal output signal of frequency f 0 is 
derived from the VC01 . Zero crossings, or 
other cycle markers, are counted by the vari- 
able divider 3 which gives one output pulse 
1 1 0 for every N input cycles. The integral dividing 
factor N is, however, controllable according to 
an external input value. 

The phase comparator 4 gives an output 
which varies with the phase difference be- 
115 tween the divider output and the reference 

frequency and will require to be filtered by the 
loop filter 5 to maintain stability of operation. 
For this reason the bandwidth of the filter 5 
must be restricted in relation to the reference 
1 20 frequency f r . 

In order to obtain in effect a non integral 
divisor value, the dividing factor, normally N, 
is periodically increased to N + 1 for a 
fraction x of the time. This technique alone 
1 25 tends to introduce phase jitter in the loop as a 
result of the periodic programmable divider. 
In Fig. 1 , this jitter is avoided by, in effect, 
subtracting out the step change in the error 
output from the comparator 4 that would 
1 30 otherwise arise over the period of that step 
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change. This is achieved by adding into the 
output of the comparator 4 by way of a 
summing network 6 a voltage which repre- 
sents the continuously increasing phase error 
5 in the pulse train output from the variable 
divider 3. The result is that the VC01 receives 
a steady control signal and produces-a jitter- 
less output signal f 0 , while there is still a step 
change in the divider output phase. 

1 0 This compensation voltage is derived as 
follows. An accumulator 7 adds at every out- 
put pulse from the divider 3, i.e. at the 
reference frequency, a number x present on 
line 8 to the previously accumulated sum 

1 5 already held in the accumulator 7. When the 
accumulator is filled completely a carry bit R 
is generated and is used to increase the 
dividing factor of divider 3 by unity, it thus 
being N + 1 . When the carry bit is gener- 

20 ated the contents of the accumulator is just 
that amount by which the previous sum ex- 
ceeded unity. 

Fig. 2 illustrates this process over a period 
of three such cycles of the dividing factor and 

25 the accumulator 7. It can be seen that con- 
tents of the accumulator 7 increases in dis- 
crete steps, each of which represents the 
fraction x, until the accumulator overflows and 
generates a carry bit. It will thus be appreci- 

30 ated that when a carry bit is generated, the 
contents of the accumulator itself drops shar- 
ply and then increases again in the step like 
fashion. 

It is the periodic changes in divisor value 

35 which are detected by the phase comparator 
and emerge as a jitter voltage on the compar- 
ator output. This jitter is reduced as follows. 
In Fig. 1, in addition to the accumulator 7 
providing a divider correction to achieve a 

40 correct average dividing factor, the accumu- 
lated sum shown in Fig. 2 is applied to a 
digital-to-analogue (D-A) converter 9 at each 
increment to provide an analogue signal con- 
tinuously representative of the phase error 

45 between the reference frequency pulses and 
the nearest preceding pulse input to the pro- 
grammable divider. This analogue signal is of 
course a reflection of the jitter voltage that 
appears in the output of the phase comparator 

50 since they have a common cause. The D-A 
output voltage is therefore appropriate, with 
suitable scaling, for incorporation with the 
comparator output signal so as to eliminate 
the jitter voltage. The analogue voltage is 

55 therefore applied to the summing network 6. 
The gain of the D-A converter 9 output should 
be such that the full scale peak-to-peak vol- 
tage from the D-A converter 9 should cancel 
out the voltage-change on the phase compara- 

60 tor output, produced by a phase shift of 1 
cycle at the variable divider input. 
' In practice, the gain of the converter 9 is 
critical if complete suppression of the phase 
jitter at the summing network 6 is to be 

65 achieved and in reality the degree of suppres- 



sion is unlikely to be perfect if the gain is pre- 
set to a fixed value. Accordingly, a monitor 
circuit 15Js provided which monitors the 
output of the summing network 6 in order to 
70 detect the presence of any jitter which would 
cause undesirable frequency modulation of 
the frequency of the oscillator 1 . If any jitter is 
detected by the monitor 1 5, it acts in an 
adaptive manner to modify the gain of the 
75 converter 9 so as to remove it. The monitor 
1 5 receives the output signal from the summ- 
ing network 6 which is fed to a differentiator 
1 6 forming part of the monitor. Phase jitter is 
manifest as a periodic abrupt transition in the 
80 level of the control signal fed to the oscillator 
1 via the filter 5, and consequently the differ- 
entiator 16 acts to convert these abrupt transi- 
tions in signal spikes. Any signal spikes gener- 
ated by the differentiator 1 6 are fed to a peak 
85 detector 1 7, which shapes the signal spikes to 
remove gross irregularities and to produce a 
signal having an amplitude corresponding to 
the maximum amplitude of the spikes. Since 
it is expected that the signal spikes will occur 
90 in the region of phase transitions in the output 
of the phase comparator 4 the signals gener- 
ated by the peak detector 1 7 is sampled 
within this time window. The sampler 1 8 is 
controlled by the accumulator 7 (via a lead 
95 not shown) so that the sampler 18 samples 
the output of the peak detector 1 7 immedi- 
ately following a change in the divisor value 
applied by the accumulator 7 to the variable 
divider 3. In this way the output of the 

1 00 sampler 1 8 is only related to phase transis- 
tions or jitter assoicated with the changes in 
the divisor value of the variable divider 3. The 
sampled signals are integrated over a reason- 
able time period by means of an integrator 1 9 

1 05 having a time constant which is longer than 
the period of the reference frequency f r multi- 
plied by the fraction X,ie. longerthan the 
period of the frequency represented by f r 
times x. The output of the integrator 1 9 is 

110 indicative of the extent to which the compen- 
sation signal generated at the converter 9 
differs from the variations in the phase com- 
parator 4. Thus it is an indication of the 
extent to which the phase jitter is not com- 

115 pletely suppressed as ideally the signal fed to 
the integrator 1 9 has zero value. Thus when 
the phase jitter is completely suppressed the 
input to the integrator 1 9 will become zero. 
However, the integrated value held by the 

1 20 integrator is then not zero, but a constant 

value which is used to modify the gain of the 
digital-to-analogue converter 9 over lead 23 in 
such a sense as to minimise the phase jitter. 
It will be appreciated that the integrator 1 9 

125 represents not only the magnitude of the 
phase jitter present at the output of the 
summing network 6, but also its polarity. 
Thus the monitor circuit 1 5 acts in conjunc- 
tion with the variable divider 3 to provide a 

1 30 compensation for phase jitter, but the com- 
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pensation is not a true feedback signal, since 
the compensation does not occur in real time. 
Instead the gain of the converter 9 is periodi- 
cally modified to take into account errors 

5 which develop during the immediately preced- 
ing monitor periods. 

Fig. 3 shows an alternative form that the 
monitor circuit 1 5 can take. The modified 
monitor circuit does not incorporate a differen- 

1 0 tiating circuit but instead contains a sampler 
20 which is arranged to sample the output 
signal of the adder 6 immediately before and 
immediately after the divisor value of the 
variable divider 3 is altered under the action 

1 5 of the accumulator 7. The two sampled values 
are compared at a comparator 21 and their 
difference is integrated at an integrator 22. 
Clearly if both sample values are equal, no 
phase jitter is present at the output of the 

20 summing network 6 and no correction signal 
is generated by the integrator 22. However, if 
the converter 9 does not exactly cancel the 
phase jitter present at the output of the phase 
comparator 4, the two sample values will not 

25 be equal and the signals generated at the 
comparator 21 will accumulate within the 
integration period of the integrator 22. As 
before the magnitude and polarity of the inte- 
grated signal is used to modify the gain of the 

30 converter 9, so as to minimise any jitter 

present at the output of summing network 6. 

If desired a further improvement can be 
made by monitoring at more than the two 
points which immediately precede and follow 

35 the periodic change in divisor value to allow 
for any average change or gradual shift in 
level of the control voltage applied to the 
oscillator 1 . 

In Fig. 1, it is the variations and transitions 

40 in the output of the variable divider 3 which 
give rise to the phase jitter at the output of 
the phase comparator 4. The phase jitter is 
present because the output pulses generated 
by the variable divider 3 are not regularly 

45 spaced at a frequency which corresponds to 
the reference frequency f f applied to the sec- 
ond input of the phase comparator 4. In other 
words, it is the irregularity of occurrence of 
the output pulses of variable divider 3 which 

50 gives rise to the phase jitter at the output of 
the phase comparator 4, since the reference 
frequency f r is completely stable and regular. 

In Fig. 1, the compensation signal is ap- 
plied by the converter 9 so as to modify the 

55 output of the phase comparator 4, but this 
need not necessarily be the case and, instead, 
the irregularities in the output of the variable 
divider 3 can be suppressed before the signal 
is applied to the input of the phase compara- 

60 tor 4. This modification is represented by the 
presence of the phase shifter 24 which gener- 
ates a phase delay which is dependent on the 
changing amplitude of the output of the con- 
verter 9. Thus the converter 9 operates di- 

65 rectly to provide phase compensation rather 



than to generate an amplitude compensation 
signal for application to the summing network 
6. When jthe phase shifter 24 is present the 
summing network 6 is not used. In some 
70 instances it may be preferable to introduce 
compensation for phase jitter by means of the 
phase shifter 24 rather than the summing 
network 6. 

It will be appreciated that although the gain 
75 correcting information from the integrator 19 
or 22 is applied via a line 23 to the A-D 
converter 9, it could alternatively be applied 
to the phase comparator 4 to control its 
effective gain. Alternatively a variable attenua- 
80 tor or a variable gain amplifier placed in the 
line between the phase comparator 4 and the 
summing network 6 or the D-A converter 9 
and the summing network 6 will be controlled 
by the line 23. 

85 

CLAIMS 

1 . A frequency synthesiser including (a) a 
controllable oscillator, (b) a frequency divider, 
and (c) a phase comparator in a feedback loop 

90 arranged to control the oscillator by means of 
a control signal to a frequency which is re- 
lated to a reference frequency by the divisor, 
said divisor includes, or consists of, a control- 
lable integral factor which is changed periodi- 
95 cally by an integer when the accumulated 
sum of a periodically occurring first quantity 
amounts to, or exceeds, a predetermined sec- 
ond quantity, so as to produce, in effect, a 
non integral relation between the oscillator 

1 00 frequency and the reference frequency; means 
for deriving from said sum as it is accumu- 
lated a jitter compensation signal which is 
used to suppress phase jitter in the oscillator 
control signal that would otherwise result from 

105 periodic changes of said integral factor; and 
monitoring means for monitoring the extent of 
said suppression and for modifying the magni- 
tude of the jitter compensation signal in re- 
sponse thereto so as to minimise the phase 

1 1 0 jitter. 

2. A frequency synthesiser as claimed in 
claim 1 and wherein said first quantity occurs 
once in each period of the reference frequency 
and the ratio of the first to the second quanti- 

115 ties is equal to the fractional average change 
of said integral factor. 

3. A frequency synthesiser as claimed in 
claim 1 or 2 and wherein the jitter compensa- 
tion signal is added to the output of the phase 

1 20 comparator to suppress undesired amplitude 
variations thereof. 

4. A frequency synthesiser as claimed in 
claim 1 or 2 and wherein the jitter compensa- 
tion signal is used to alter the phase of a 

125 signal applied to phase comparator from said 
frequency divider to suppress undesired phase 
variations thereof. 

5. A frequency synthesiser as claimed in 
any of the preceding claims, and wherein said 

1 30 monitoring means is adapted to monitor the 
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control signal present in said feedback loop 
between the output of said phase comparator 
and the controllable oscillator. 

6. A frequency synthesiser as claimed in 
5 claim 5 and wherein the monitored control 
signal is differentiated to enable signal level 
transistions to be identified, and the signal 
level transitions are used to modify the magni- 
tude of the jitter compensation signal. 

10 7. A frequency synthesiser as claimed in 
claim 6 and wherein a signal derived from the 
differentiated control signal is sampled imme- 
diately following the instant at which said 
integral factor of the frequency divisor is al- 

15 tered. 

8. A frequency synthesiser as claimed in 
claim 7 and wherein successive samples are 
integrated over a number of periods of said 
reference frequency, and the intergrated value 

20 is used to modify the magnitude of the jitter 
compensation signal. 

9. A frequency synthesiser as claimed in 
claim 5 and wherein the monitored control 
signal is sampled immediately preceding and 

25 immediately following the instant at which 
said integral factor of the frequency divisor is 
altered. 

10. A frequency synthesiser as claimed in 
claim 9 and wherein the two samples are 

30 compared with each other, and any difference 
in sample level is integrated over a number of 
periods of said reference frequency, and the 
integrated value is used to modify the magni- 
tude of the jitter compensation signal. 

35 11. A frequency synthesiser substantially 
as illustrated in and described with reference 
to Fig. 1 or Fig. 4 of the accompanying 
drawings. 
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